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(()\’cl’View)
‘1’clcopclaticm  is the. l“e.lilotc  pmfmmancc of a task  undm dire.cl  manual coI~tIol  of a humat)  c)pcuato]. ‘1’clcopclalms am

valuable assets for lla7alclous work in LIIlslIuctuIeci  envilonmc.n[s, which incrmsingly inclucic ~ltlclcar-l~a7,arcioLls IIlateriais

handiin~,,  umicmcas c.xi~lolation & s:iiva~c.,  mh ic -ass is ted  suIgcIy,  and spacw opclations. A lc.latcci te.clIIIology and aj,j)lica-

tiol)s alc.a is vitfut71 rmlily  and virfliril  em~itww)le/t/s; c.~., ti)c. o]xxator conlmamis a IIlcKicleci,  rather tilan physicai robot, ia a

colll]JLl[c.r-gcIlcrale.d  wm kspacc.  IIdccci, such graph  ics-bascci  vitlual cnvimnmcmts pmvi(ic useful tools for klcopc.I at or simu-

l:itioa an(i systmn  cicsiga,  inclu(iing task  analysis, opcralo] training, ami  oa-liac task im.ciictioll. AdIwnr-cd Ieleop’rff(iolf,

wi]ich wc lcpmt innovations rind ap]jlications c)f hmc, c.m]hasims liIc coupling of a(ivaacwl real-tilnc compuliag 10 manual te-

lo]jc.I atioa: tlII oLI@l tiIc. inlcliigcmt intc.lrfacc  of humaa pclcci>tion, s]mtiai  I)iarlning, tcx(ual & gmihic skills, anti lnaaua] dcxte.r-

ity to l)n-line. intcr:ictivc computin~ aides, a tclembot o]ma[or CaII UIIClN take a wi[icr sprctt um of more cmIIplcx  lasks,

~c.ncl:Iiiy wliI incrcasccl  cf’ficiemy an(i safe.ty. WC IIavc  (ievclojmi an(i Icpc)I ( oa rciatcci  lech~lology proflIicl.r  tilat inclu(ic real-

Iimc.  3-1 I caiiblatcxl g[aphics clisplays,  task visuaii?ation & plalining systems, an(i silarcd l]lal~llai-aLltc)lll:itic contlolicls for

Iligil-(ic.gl cc-of-fl ccxiom  robots utili7.ing II)ulti-lnocic sc.asoI  y iaput. WC hnve  establistmi ccmlmcrcial te.c.hno]ogy  capture for

tlm co]n[lol alci]ilccture.s and algoritilms, and mc pumuing salac  for tile gtaphics ciisp]ays.  WC am also scc.kiag tje}i~  c7pplica-

Iim,v ofdvf~)~ced  feleojx’rnfiofl  (echndogy  beyond tiw mrii a NASA CIII] ,i)asis of cic.xtc.rous space SCI vicing (i>cr below), anti

oac area of imtc.ntia]  iatcrcst is robotic microsurgery, e.g., as might support high-cicxlcrity, higilly tactile, stnail-scaic procc-

(iurcs  fOr vi[l co-retina] an(i stc.re.c)tactic cralliai surgery.

(1’ccllnica] IIackgtounci)

Oul- wcwk in tckopcration highiigilts ;1s spact applicatiolis, and relate.ci tasks such as re.mc,te. piatfcu  m .m viciag, tcJc-
sciemt., and lunar e.xp]olalion[ 1 ]. Ihe.se tasks  arc complc.x,  till~c.-co~)slllliillg, and rc.iativc]y UIIS[lUCIUrCd. l)c.laands  for niaauai

cicxtmity  ale. often higil; the woIk is fatiguing; a!id  uncc.rtaiaty,  wi~ich  inciude.s  cffc.cts  of time.-(ielay$ is ncal]y always present,



III tbc face. of IIWSC problcn~s,  wc l~avc been tvorking akm.g scwral technical fronts which include rcchndant telcl]~ar]i~>~lla(c)r
CWntml,  mul(i-camera viewing and real-time .grapbics sinlulaticm, intcgta[cci  cymralm iatc] face clcsign,  and syste.ms-scale
g,l OUIId  laboratory c.xpcrimc.nts. WC rcpmlccl  scmc of tt me tc.cbnology  cicvclopmcnts in [?]. Our main Cxpcr ilnc.ntal tbI-USt  is
c. IKl-to-cml  pcrformancx  charade.riz.aticm -- fm ma] cxpc.rilncnt  clcsign, task instt umc.ntation  for real-time clata capture, iatcgl a(-
C.CJ systcm dc.nlcmshaticms, and human factms analysis. Gllec(ivc.ly,  tbc goal is to quantify oJmrator  limitations, componc.nt
tccbnolo~y  mquircme.nts, anti tkir illterdcj>cllde.llcies,  all in [k ccmtcxt of meaningful tasks with realistically posed sysMl-
lC.VC1 operational constraints (Iigbting, task gc.omchy, time-clc.lay, coatlol & conlmunicalicm  bandwidths, viewing & clisplay
limitations, c.tc.). Ac.cxmllanyinS technical issues arc reduction of operator crtor, wwkload, and tlaining,  cacb in itself a signif-
icant I“isk ad cost dI ivc.r for sJJace. OpCratiOIN.  ‘J’owal”d tllc.sc ends, WC. tIave. bc.c.n  cnljhasi7,  ing a(ivanccd approacbcs to tc.lc.oJh
c.ratim, in tbe functional areas clf task w~qtim plarlrlins, find ~ontlo].  ‘1’l~c (1~1’~llcr~  lclwc~~(i~}l  collc~l]d I 1 is Onc of
cc~l~lj~lltc.r-assistc.cl lclclllalli~~tllatiorl, wbercin  tbc opclator lc.lnains  in manual contiol of tbc task, but with cxkmckl  functional
c(ipabi]itic.s and I-c.duccri  cognitiw  complexity of task interaction. (:mnputcr assists may encompass intcrac(ivc ]Jlal\llillg/sill\tl-
]atioa aids[3],  l>rograllllllirlg/col)  llJlalld/statlls intc] face.s[fl], and nlan-macllinc  intclactive. mode.s of sensor-basccl contlo], c..~.,
“shad compliance contml’’[?,  and rcfs. tbc]cin]. Aclvanccd tclcojmration oftc.n also c.ntails sc.nsmy fusion and/or dcce.nttal -
imd conlrd,  f,ivc.n that scnsinf~, planning, and ccmtlol functions arc iabcrcntly sbarc.ci bctwccn  operator and comjIutcJ  [5]. la
tbc controls arc.a, !vc bavc dc.vdopcd  a varict y of ki nc.stbct ic pc)sit ion, I ate., force-fe.dback, and act iw conllJliancc mocks for
tclc(~l)c.1-atiol~[6, and rc.fs tbcmin];  tlmc were filst app]icd to dual six clc.gIcc  of flc.c.do]l~  (d.o.f.)  Inatlilmlators  and alc now bc-
inr, illlJIJcmc.ntc.d on ncw 8 d.o.f. offset-axis I’cdundant IllatlijJLl]ators[r/]; wc bavc Compalalivc.ly  c.valuated tbcsc. cmitlo] modes,
R1OII[I  with mcwc tl a(iitiomal position an(i rate appoacbcs,  tlllougb simulated s}~acc.  sc.r vicins with a ciual six riegtcc-c)f-flc.  cdol~l

al In tcicoimator. WC (ic.scribe cxpcrimc.nts  in wbicb wc rc-crlactcci Solar hflaxilnum  Mission sate.iiitc. lc.pail ploccdure.s,  as
were originally pcI formc(i  by as(ronaut  extra- vc.bicular activity (liVA) duriag a 1984 space siIuttlc flijjlt[6].  (h’ Icccm control
fic.si:ns inclucic. collll>lltcr-illtc.ractit’c  re.dun(iancy plannia[: auci (ic.xlcrily allocation for Iltc c.igbt  cio.f. Illarlilnllatoi [7], anti wc
outlitm this. Otlm~ suppmling dcve.lopmc.nls arc real-time. ~tapbics cnvilonme.nts wbicil  allow opc.ratms to animate, analy7,c,
and tl ain on tcJcopclator tasks [2, 3]. in this area, WC. CWC.I  view a 6ci. o.f. tclcopc.t ation vil (ual rc.ali(y simulatm wbicb not only
inclodcs  caiibratrci  3-1) kilnc.matics  anti vic.wing (with Ic.sJ)cct  tbc actual  environment bc.ing vie\\’cd/silllLllatcci), but also incor-
potatcs modc]c.ci contact (iynamics  with botiI visual inciicatols and llal~(i-col~tloiicl” force-fc.cdbad to tllc. opc.ratol[3, and lcfs.
tbc.rein]. WC ilave. rcccntl:y applied such rcai-tinlc gralhics  l~rc\’ic\v/sillltllatio ll/l]Ic(iicti\’c  ciisp]ays  to sinlulatcxi IObotic  servic-

ing of tbc. ]Iubblc Space ‘J1’c.lcscopc,  and w will briefly ou(lillc tilis (cchno]ogy cicmonstlation  anti its colnmcrcial  rcjc.vancc.

A(:l{NO\$TJ,lCl )(;lth!1CP4r1’S

‘Ibis work was pc.rfornmi  at Ihc Jc.t l’repulsion 1.abolatc)ly,  (Ialifoj Ilia lnstilute  of ‘Jc.cbnology, uncic.I contIact wi(i~ tlIc. Na-
tional Aeronautics aa(i Space A(iministlation.

(rc.fc.l  c.ncc.s and fif,urcs follow)
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USE’ OF DIAGONAI  CU1 IFRS I“C)I{
CIJ1 I ING PLASIIC  TIE WRAPS C)F

Wlf{E  BUNOLES

l~ig. “1. Adwmccd tclcopc.ration  qy)lie.d 10 tile Solar h4aximum  sate,llitc rc.pair task  [2., 6]
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liig.  >!. 8-d. C).f. Ill:lllil)lll[itO1’  fol” fi(lViillCC(l tC’lCO])Cl’~tiOIl  CX]>C.1’illlC.lllS[6j

8-DOf’ AAl ARM GRAPlllCS  IMAGE  AIJD I OI{C[ IN[)ICA1  ltJG/fl[  F LE Cl II{G
DUA1.-AElh4  St.1-UF’  F OR SMSFl TASK CA PA[)IIIIY  BE [0[{[”  AND AFli [< CONIACl

1

I
liig. 3. Real-time f,raphics:  (Ic.f[) kinematic feasibility analysis for mopcralivc  8-d.of. arms ad

Solar h4ax satdlilc, repair; (right) opc.rater training for simulated peg-in-hole task,
including visu:i] form  indicators and kine.sthctic  force fe.cdtmck to l~all[l-col~tIc)lle.1[3]


